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[57] ABSTRACT

A gas discharge display panel for a large screen display
in which the display brightness and emission efficiency
are very high, the display accuracy is high, and is simple
to construct. Cathode electrodes having openings form-
ing discharge cells are arranged in parallel on a front
plate and a number of anode electrodes are arranged in
parallel on a rear plate orthgonal to the cathode elec-
trodes. Each opening in the cathode electrodes may be
rectangular, substantially rectangular or circular. The
length of one side of a rectangular opening or the diam-

eter of a circular opening is set to satisfy
40A. =D =500A, while the thickness of the cathode

electrode is 10A.=T =100M\,, where A, is the mean free
path of electrons in a gas sealed in the display panel.

9 Claims, 22 Drawing Figures
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GAS DISCHARGE DISPLAY PANEL

This is a division of application Ser. No. 254,715, filed

Apr. 16, 1981 now U.S. Pat. No. 4,392,075 issued July 5,
1983.

BACKGROUND OF THE INVENTION

The present invention relates to a gas discharge dis-
play panel suitable for a large screen display in which
the display brightness and light emission efficiency are
improved and which has a high display accuracy. More
specifically, the invention is intended to provide a gas
discharge display panel suitable for a large screen dis-
play in which, with the size of each opening in cathode
electrodes and the thickness of each cathode electrode
suitably determined and/or the size of each discharge
cell determined so as to be large compared with the size
of the opening of the cathode electrodes, the distance
between the front plate of the display panel and each
cathode electrode is suitably determined in order to
improve the display brightness and light emission effici-
enty. It 1s desired to accomplish this with no spacer
employed thereby making the overall construction con-
siderably simple. -

An example of a conventional gas discharge display
panel is shown in FIG. 1. In the gas discharge display
panel 1, a number of ribbon-shaped or line-shaped
anode electrodes 2 are arranged in parallel and a spacer
4 having a number of round holes 3 1n which discharge
takes place 1s disposed over the anode electrodes 2. A
number of ribbon-shaped cathode electrodes 6 are ar-
ranged over the spacer 4 in such a manner that the
cathode electrodes 6 are orthogonal with the anode
electrodes 2. Small round holes S are cut in the cathode
electrodes 6. The cathode electrodes 6 and anode elec-
trodes 2 thus arranged are held through spacers 7 and 8
by a front plate 9 and a rear plate 10 which may, for
instance, be glass plates. The front and rear plates 9 and
10 form the opposed outer walls of the display panel.

The outer walls are sealed at peripheral portions thereof

to form a vacuum container or envelope in which a gas
containing primarily an inactive gas such as neon, ar-
gon, helium, xenon or crypton is sealed.

The conventional gas discharge display panel de-
scribed above is disadvantageous in that if the capacity
or the resolution power is increased, the display bright-
ness and light emission efficiency are decreased.

As described above, the spacers 4, 7 and 8 are ar-
ranged in three layers in the conventional gas discharge
display panel. These spacers suffer from problems in
that, since their thickness is very small, typically about
200, the spacers are liable to bend when used for a
large area display, that is, it is difficult to maintain them
flat, Moreover, the spacers are difficult to produce
making their cost high. Furthermore, the work needed
to assemble the display panel using the spacers 4, 7 and
8 is intricate. Cutting a large number of small holes
forming discharge cells in the spacers is costly. In addi-
tion, handling the components is troublesome 1n assem-
bling the display panel. Thus, the conventional display
panel is not suitable for a large screen display and it has
a relatively low resolution power.

The conventional display panel will be described in
more detail. FIG. 8« is a sectional view of the conven-
tional display panel shown in FIG. 1. In FIG. 8A, refer-
ence numeral 11 designates a discharge cell, and 2 a
space for forming a negative glow 13 between the front
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2
plate 9 and the cathode electrode 6. The thickness 5 of
the spacer 7 is usually four to 25 times the mean distance
between collisions (mean free path) A, of electrons and
lons in a plasma created by the discharge.

In the operation of the conventional display panel,
the negative glow 13 spreads downwardly from the
edge of the opening § in the cathode electrode 6 as
shown in the figure. More specifically, if the thickness S
of the spacer 7 is set, for instance, to 6A,, the discharge
display state of the display panel will be as shown in
FIG. 8A. That is, the negative glow 13 spreads out
downwardly from the central portion of the side wall of
the opening 5. If the negative glow is viewed from
above the front plate 9, it appears as shown in FIG. 8B.
That 1s, the negative glow spreads only along the edge
of the opening with no glow being effected in the center
of the opening 5. If the thickness S of the spacer 7 is
20Me, the negative glow 13 spreads as shown in FIG.
8C. More specifically, 1n this case, although the nega-
tive glow does not spread over the upper surface of the
cathode electrode 6, it spreads from the side wall of the
opening 5 to the lower surface of the cathode electrode
6. If the negative glow 1s observed from above the front
plate 9, the negative glow appears as shown in FIG. 8D.
That 1s, the negative glow spreads substantially
throughout the entire area of the opening 5 except for
the center.

More generally, if the thickness of the spacer 7 is in
the range of from 6A.to 20A,, the negative glow 13 does
not spread over the upper surface of the cathode elec-
trode 6 or towards the front plate 9. If it 1s attempted to
cause the negative glow 13 to spread towards the front
plate 9 by increasing the discharge current, it is difficult
to form the negative glow 13 because of the charge
particle loss to the front plate 9. Even if the negative
glow were formed, it would be unstable. The discharge
light emission of the negative glow 13 1s limited as
shown in FIGS. 8B and 8D, and accordingly the display
brightness is low and the light emission efficiency is also
low. |

If the thickness of the spacer 7 is in the range of from
20A. to 25A,, because of variations in dimensions of the
discharge cells during manufacture, the negative glow
will spread over the upper surface of the cathode elec-
trode 6 or towards the front plate 9 in some discharge
cells but not in other discharge cells. Thus, in this case,
the discharge display is not stable.

SUMMARY OF THE INVENTION

In view of the foregoing, a primary object of the
invention is to provide a gas discharge display panel in
which the configuration of openings in cathode elec-
trodes is selected to provide suitable hollow cathode
electrodes, and at least one of the thickness of the cath-
ode electrodes, the positional relationships of the cath-
ode electrodes or the size of the openings in the cathode
electrodes is set in a predetermined range with respect
to the electron mean free path in a gas sealed in the
display panel to obtain a hollow cathode effect,
whereby small cathode electrodes supply large dis-
charge currents and high brightness and high efficiency
are obtained at low operating voltages.

Another object of the invention is to provide a gas
discharge display panel suitable for a large screen dis-
play which is composed of two structural members
without using spacers.

The foregoing objects and other objects of the inven-
tion have been achieved by the provision of a gas dis-
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charge display panel composed of a number of cathode
electrodes having openings forming discharge cells
which are arranged in parallel on the front plate side,
and a number of anode electrodes arranged in parallel
on the rear plate side orthogonal to the cathode elec-
trodes. Each opening in the cathode electrodes is rect-
angular, substantially rectangular or circular. More
specifically, in the case where the openings in the cath-
ode electrodes are rectangular or substantially rectan-
gular, the length D3 of one side of the rectangular open-
ing and the thickness T of the cathode electrodes are so

selected as to meet the following expressions:
40A .= D9 < 500A,, and (1) and

10A,= T'= 100\, (2)

where A, is the electron mean free path in the gas sealed
in the display panel. In the case where the openings in

the cathode electrodes are circular, the diameter Dy, of
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15

each circular opening and the thickness T’ of each cath- 20

ode electrode are so selected as to meet the following
exXpressions:

40\ = Dy = 500A,, and 1y

10A.= T < 100A,. (2)

Furthermore, in order to achieve the foregoing ob-
jects, the distance S between the front plate and each
cathode electrodes in the discharge space forming the

negative glow is defined by the following expression (4)
under the conditions that the aforementioned length D3

and the size D1 of the discharge cell (which, in the case
where the discharge cell is in the form of a square or
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substantially in the form of a square, is the length of 35

each side thereof, and in the case where the discharge
cell 1s in the form of a circle, is the diameter thereof)
satisfy the following expressions:

D> D3, 250 .= Dy =500\, and (3)

250, =S =T0M,. (4)

In addition, if the size and the thickness of each cath-
ode electrode and the space between the front plate and
each cathode in the discharge cell are selected so as to
simultaneously satisfy the above-described expressions
(1) and (2) or (1)’ and (2), and (3) and (4), the display
brightness and light emission efficiency of the panel are
remarkably improved. |

The nature, principle and utility of the invention will
become more apparent from the following detailed
description when read in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a schematic perspective view showing an
example of a conventional gas discharge display panel:

FIG. 2 is a schematic perspective view showing a
preferred embodiment of a gas discharge display panel
according to the invention;

FIG. 3 1s a schematic side view of the gas discharge
display panel of the invention;

FIG. 4 is an explanatory diagram showing a state of

the discharge in an opening formed in a cathode elec-
trode in the display panel of the invention;

FIG. § 1s a graphical representation indicating rela-
tive brightness values in a case where the cathode elec-
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trode openings are circular, in a case where the open-
ings are rectangular and the thickness of the cathode
electrode is 10A,, and in a case where the openings are
rectangular and the thickness of the cathode electrode is
100A;

FIG. 6 is a graphical representation indicating the
discharge voltage vs. discharge current characteristic of
the display panel of the invention and that of the con-
ventional gas discharge display panel:

FIGS. 7A, 7B and 7C are plan views showing modifi-
cations of the cathode electrode opening according to
the invention; FIGS. 7D and 7F are, respectively, a
perspective view and a sectional view showing another
modification of the cathode electrode opening accord-
ing to the invention; FIGS. TE and 7G are a perspective
view and a sectional view, respectively, showing an-
other modification of the cathode electrode opening
according to the invention;

FIGS. 8A and 8C are sectional views of the essential
components of conventional gas discharge display pan-
els; FIGS. 8B and 8C are plan view showing glow
discharges in the display panels in FIGS. 8A and 8C,
respectively; FIG. 8E is a sectional view of essential
components in the gas discharge display panel accord-
ing to the invention; FIG. 8F is a plan view showing a
glow discharge in the display panel in FIG. 8E:

FIG. 9 is a sectional view showing another embodi-
ment of a gas discharge display panel according to the
invention which includes two structural members:

FIG. 10 is an exploded perspective view of the gas
discharge display panel of FIG. 9; and

FIG. 11 is an explanatory diagram showing the ar-
rangement of the discharge cells in the case of a charac-
ter display.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A preferred embodiment of a gas discharge display
panel having cathode electrodes with rectangular open-
Ings according to the invention is shown in FIG. 2 in
which those components which have been described
with reference to FIG. 1 are therefore similarly num-
bered.

In FIG. 2, a spacer 4 is provided which has rectangu-
lar openings 3 which are arranged horizontally and
vertically at predetermined intervals. Rectangular
openings 3 smaller than the rectangular openings 3 are
cut in cathode electrodes 6. In addition, openings 7a and
8a, having the same size as the openings 3, are cut in
spacers 7 and 8, respectively. These openings are
aligned with the gas discharge display panel to provide
discharge spaces for the cathodes 6 and anodes 2 so that
a discharge display is observed through a front panei 9.

Similarly as in the above-described conventional gas
discharge display panel, the front panel 9 and a rear
panel 10 respectively form outer walls of the display
panel. The outer wall, and hence the display panel, are
sealed at the peripheral portions. After the display panel
has been evacuated, an inactive gas such as argon,
xenon or krypton is sealed in the display panel.

The corners of the rectangular openings of the cath-
ode electrodes 6 in the display panel thus formed pro-
vide a hollow cathode effect. The provision of a gas
discharge display panel utilizing this effect satisfies a
first object of this invention.

A general hollow cathode discharge will be briefly
described. An electric discharge effected when the
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inner wall of a cylindrical or conical electrode is used as

a cathode or when parallel electrodes are arranged
opposed to each other and the inner surfaces thereof are
used as common cathodes is called a hollow cathode
discharge. General characteristic features of a hollow 3
cathode discharge are: (1) the current density is much
larger than that in a regular glow discharge, (2) the
discharge maintaining voltage 1s lower, (3) the plasma
density in the cathode space is higher, (4) the thickness
of the cathode dark space is smaller, (5) the light radia-
tion intensity is higher, (6) the vapor density of cathode
metal in the cathode space is higher, and (7) the amount
of sputtering 1s less.

The invention thus utilizes these advantageous effects
of a hollow cathode discharge for improving the bright-
ness and light emission efficiency of the gas discharge
display panel.

The present inventors have found through experi-
ments performed on cathodes of different configura-
tions that, if an opening in a cathode is rectangular, as
the portions of the cathode confronting four corners Sa,
5b, 5¢ and 5d of the opening 5 are close to one another,
the negative glows overlap one another as shown in
FIG. 4 thus causing the hollow cathode effect. Further-
more, in order to improve the effects of the rectangular
openings 5 in the cathode, the inventors have carried
out experiments in which the thickness of the cathode
was changed. The results of these experiments will be
described with reference to FIG. 3.

In FIG. 5, curve A indicates the relative brightness of
a small round hole in a cathode electrode of a conven-
tional gas discharge display panel, curve B indicates the
relative brightness in a case where the cathode has a
thickness of 10X, and the opening is rectangular, and
curve C indicates the relative brightness in the case
where the cathode has a thickness of 100A. and the
opening is rectangular.

It may be seen from the graphical representation of
FIG. 5 that, in order to effectively utilize the hollow 40
cathode discharge for the gas discharge display panel,
the dimension Dj of the opening in the cathode, or the
dimension of one side of the square opening, and the
thickness T of the cathode should be defined as follows:
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40A . =D =500A,, and (1)

10A.= T'=100A,. )

The discharge voltage and current characteristic of s,
the gas discharge display panel of the invention was
compared with that of a conventional gas discharge
display panel using the flat cathodes. The results of
these comparison are as shown in FIG. 6.

As is apparent from FIG. 6, in the conventional dis- 55
play panel using the flat plate cathodes, the discharge
voliage V increases substantially in proportion to the
discharge current I, while in the display panel of the
invention, even if the discharge current I is increased,
the discharge voltage V is increased only a little. More-
over, this tendency becomes more significant as the
“thickness is increased.

Thus, in the gas discharge display panel utilizing the
hollow cathode effect according to the invention, with
a small cathode size, the cathode current is increased,
the cathode drop voltage is decreased, and the quantity
of sputtering is reduced. Thus, a gas discharge display
panel which has a high brightness and low operating
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voltage and in which sputtering is suppressed is pro-
vided by the invention.

FIGS. TA-7G show modifications of the opening in
the cathode electrode. In a first modification shown in
FIG. 7A, the opening is substantially rectangular but
the four sides are curved mmwardly. In a second modifi-
cation in FIG. 7B, the opening is similar to that in FIG.
7A but the four corners are cut away. In a third modifi-
cation in FIG. 7C, the configuration of the opening is a
square with small circles protruding from the four cor-
ners. In each of the first through third modifications, the
four sides have the same general size having a dimen-
sion D>, and the configuration of the opening appearing
on the upper surface of the cathode is the same as that
of the opening appearing on the lower surface.

On the other hand, in fourth and fifth modifications of
the opening shown in FIGS. 7D and 7E, the opening
appears square both on the upper and lower surfaces of
the cathode although the upper square is larger than the
lower square. More specifically, in the fourth modifica-
tion in FIGS. 7D and 7F, the opening 5 has a shoulder
or step midway so that each sides of the square appear-
ing on the upper surface of the cathode is longer than
each side of the square appearing on the lower surface
of the cathode.

In a fifth modification in FIGS. 7E and 7G, the di-
mension D3 of each side of the square appearing on the
upper surface of the cathode gradually decreases in the
downward direction. That is, the opening is substan-
tially in the form of a frustum of pyramid. Any one of
the above-described modifications produces the same
effects if, with respect to the electron mean free path A,,
each side D3 of the opening in the cathode and the
thickness T of the cathode satisfy the conditions (1) and
(2).

A gas discharge display panel may be formed having
a round opening in a cathode electrode and, with re-
spect to the mean free path A, the diameter D3, of the
round opening and the thickness T' of the cathode elec-

trode satisfy the following conditions:

40N = D7 =500A,, and (1Y

25A.= T =100A,. (2)
If, also in this display panel, the thickness of the cathode
is defined by these conditions, the light emission effect
of the negative glow will be efficiently obtained and
therefore the brightness and light emission efficiency of
the panel improved.

Next, selection of the diameter D, of the discharge
cell 11, the diameter D3, of the opening in the cathode
electrode 6, and the distance S between the front plate
9 and the cathode electrode 6 will be described with
reference to FIGS. 8E and 8F.

In a DC type gas discharge display panel according
to a second embodiment of the invention, the distance S
between the front plate 9 and the cathode electrode 6 in
the discharge space where a negative glow 13 1s created
is selected so as to satisfy the following expression (4)
with the diameters Dy and Dy meeting the following
expression (3).

D> Dy, 25A3=D' =500 A,, and (3)

250, = S=T0A,, (4)
where A, is the mean free path of electrons in a plasma
atmosphere created by the discharge.
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In other words, the distance S in the discharge space
12 for generating the negative glow 13 between the
front plate 9 and the cathode electrode 6 is set to more
than 25A.. With this value, charged particle loss with
the front plate is scarcely caused. By setting the distance
S to less than 70A,, the negative glow can well be visu-
ally observed. For instance, in the case where the main
gas component is Ne and the gas pressure P is 120 Torr
with a corresponding value of A, of § um, the negative
glow can be visually observed even if the distance S is
increased to 350 ym. Furthermore, in accordance with
the invention, the diameter 1’ of the discharge cell 11
and the diameter Dy of the opening in the cathode
electrode 6 are selected so as to satisfy the condition
D> D> Because of this selection, there is no difficulty
that the negative glow 13 expands forming gaps in the
discharge and nor that the discharge start voltage is
considerably increased to an impractical extent.

The gas pressure P is set between the lower limit
value 70 Torr below which the amount of sputtering is
increased and the discharge start voltage is increased
and the upper limit value 300 Torr above which a so-
called ‘“discharge concentration” occurs making 1t diffi-
cult for the negative glow 13 to uniformly distribute and
again increasing the discharge start voltage. Also, the
diameter D1, of the discharge cell 11 is selected so as to
meet the condition 25A. =D =500 A. with which the
discharge display is stable. |

That is, as the diameter Dy of the discharge cell 11 1s
decreased, the charge particle loss with the spacer 7 1s
increased. If the diameter Dy is smaller than 25A,, 1t 1s

impossible to stably maintain the discharge making it
considerably difficult to generate the negative glow

over the upper surface of the cathode electrode 6.

The charge particle loss increases as the discharge gas
pressure P is decreased. Based on this, experiments
were carried out with the gas pressure P set to a lower
value in the pressure range of from 70 Torr to 300 Torr
as a result of which the lower limit value 25A., was ob-
tained for the diameter Dy'. The experiments were car-
ried out as follows: Using a pressure of P=75 Torr with
a corresponding mean free path A.=8 pm, it was deter-
mined that with Dy=0.2 mm the negative glow 13 was
stably generated over the upper surface of the cathode
electrode 6. In the case of P=100 Torr where A.=6
um, it was determined that with Dy=0.15 mm the
negative discharge 12 was stably generated over the
upper surface of the cathode electrode 6.

On the other hand, as the diameter Dy of the dis-
charge cell 11 is increased, the discharge area of the
cathode electrode 6 of course increased. However, if
the diameter Dy is made larger than 500A., then it be-
comes difficult to form a uniform negative glow over
the entire cathode electrode 6. The non-uniformity in
distribution of the negative glow due to the discharge
concentration becomes significant with increasing dis-
charge gas pressure P.

Based on this, experiments were carried out with the
gas pressure P set to a higher value in the pressure range
of from 70 Torr to 300 Torr, as a result of which the
upper limit value 500A, was obtained for the diameter
D;y-. The experiments were carried out as follows: With
a pressure P=2300 Torr, corresponding to A,=2 um, it
was observed that with Dy'=1.0 mm a uniform negative
glow was generated over the entire surface of the cath-
ode electrode. For P=150 Torr and A.=4 pum, with
Dy'=2.0 mm a uniform negative glow was generated
over the entire surface of the cathode electrode.
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By selecting the distance S so as to satisfy the expres-
sion (4) with the diameters D1 and Dy’ meeting the
expression (3) as described above, the negative glow 13
is spread from the upper surface of the cathode elec-
trode 6 to the periphery of the opening § and to the
lower surface of the cathode electrode 6. That is, the
thickness of the negative glow 13 in the direction of
display, the vertical direction, is increased. At the same
time, the light emission display area, as viewed from the
front plate side, i1s extended from the periphery of the
opening § outwardly to the front plate 9 and hence the
light emission display area is greatly increased. Accord-
ingly, the brightness and light emission efficiency of the
display panel are improved, the quantity of metal mate-
rial sputtered from the cathode electrode 6 is reduced,
and accordingly the service life of the gas discharge
display panel i1s lengthened.

In the above-described embodiment, the opening in
the cathode electrode is described as being round. How-
ever, it should be noted that the configuration of the
opening or the discharge cell 1s not limited thereto or
thereby. That 1s, the opening may be square or substan-
tially square as shown in FIGS. 7TA through 7C. In this
case, the diameter Dy of the opening in the cathode
electrode corresponds to the length D; of each side of
the square.

As i1s apparent from the above description, in the DC
discharge type gas discharge display panel according to
the invention, the discharge operation is stable and the
negative glow spreads from the periphery of the open-
ing in the cathode electrode towards the front plate.

Thus, the display brightness and light emission effi-
ciency 1s remarkably improved.

The selection of the size D; (the dimension of each
side in the case of a square opening) of the opening 1n
the cathode and thickness T of the cathode so as to meet
the following conditions:

40A .= Dy = 500\ ,and 1)

10X .= T= 100A,, 2)
the selection in the case of a round opening in the cath-
ode, of the diameter Dy’ thereof and the thickness T  of
the cathode so as to satisfy the following conditions:

40\ =D =500 A, and 1)

25h,=T" = 100\, and 2)
the selection of the distance S in the discharge space for
forming the negative glow between the front plate and
the cathode electrode so as to satisfy the following
condition (4) with the discharge cell diameter Dy and
the diameter D of the opening in the cathode electrode
to meet the following conditions:

Dy > Dq and 250, =D1=500 A, and 3)

25X =S=T0A,, 4)
have been described individually. However, if a gas
discharge display panel is constructed satisfying all of
the above-described conditions, then the display bright-
ness and light emission efficiency will be more remark-
ably improved.

Another embodiment of a gas discharge display panel
according to the invention will be described with refer-
ence to FIGS. 9 and 10 in which those components
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which have been previously described are similarly
numbered and their detailed descriptions will be omit-
ted.

In the gas discharge display panel of FIGS. 9 and 10,
a front plate 9 and a rear plate 10 form two opposed
outer walls of a vacuum container. The rear plate 10 is
made of an insulating material such as glass plate in the
inner surface of which a number of parallel grooves 14
are formed to receive anode electrodes 2. The front
plate 9 is also made of an insulating transparent material

such as transparent glass plate on the inner surface of

which a number of paraliel cathode electrode 6 are
arranged orthogonal to the anode electrodes 2.
Recesses 15 are formed in the inner surface of the
front plate 9 at the intersections of the anode electrodes
2 and the cathode electrodes 6, respectively. More spe-

cifically, the grooves 14 are cut in the inner surface of

the rear plate 10 to a predetermined depth, 200u for
instance, by photoetching while the anode electrodes 2
made of an Fe—Ni—Cr alloy or an Fe—Ni1 alloy are
laid in the grooves 14, the anode electrodes being about
200 in width. The anode electrodes may be formed in
the grooves 14 using flint-glass for convenience in man-
ufacture. If the anode electrodes are scarcely bent as
they are short, they may be merely laid in the grooves
and it is unnecessary to fixedly secure the anode elec-
trode to the grooves 14. |

When the grooves 14 are formed in the inner surface
of the rear plate 10, simultaneously, elongated banks are
formed between adjacent grooves. The banks thus
formed are barriers for preventing unwanted discharge
between adjacent discharge cells.

The inner surface of the front plate 9 is covered with
a black insulating layer 16 of glass powder which is
formed to a suitable thickness by thickfilm printing in
such a manner that the portions of the front plate inner
surface corresponding to the discharge cells are not
covered thereby, thus to provide the above-described
recesses 15. The recesses 15 may be cut.directly in the
inner surface of the front plate 9 (not illustrated). In this
case, it is unnecessary to provide the black insulating
layer 16. . |

The portions of the black insulating layer 16 which
correspond to resetting auxiliary discharge cells 21 and
character displaying auxiliary discharge cells 22 are
closed so that the discharge therein cannot be observed.

The depth of each recess 15 is so selected as to satisfy
the aforementioned expression (4) so that the negative
glow spreads over the upper surface of the cathode

electrode 6 from the opening therein so as to generate a

discharge with a high brightness. The inside of the
recess 15 may be coated with a fluorescent material
having a desired color. However, the coating 1s unnec-
essary in the case where a negative glow discharge of an
acceptable color 1s generated.

Barriers 17 are formed to a thickness of 30u with

glass powder by thick-film printing on the portions of

the black insulating layer 16 which confront gaps 200
wide between adjacent cathode electrodes 6 in such a
manner that the barriers 17 extend along the cathode
electrodes 6. The barriers 17 serve to prevent the cath-
ode electrodes 6 from moving sidewards during the
manufacture of the gas discharge display panel, to pro-
vide a satisfactory display operation, and to prevent
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deterioration of the insulating material due to contact of 65

adjacent cathode electrodes 6. Following the form.ation
of the barriers 17, a number of cathodes 6 hawng a
thickness of 75u are arranged on the black insulating
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layer 16, which is fixed in position by the barriers 17,
using a “vehicle” composed of nitrocellulose and iso-
amyl acetate in a manner so as to meet the aforemen-
tioned expression (2).

The charged particles are transferred through a gap
having a width of about 45y between the top of the
barrier 17 between adjacent cathode electrodes and the
inner surface of the rear plate 10.

~ A number of small holes 19 are cut in the portions of
the cathode electrodes 6 which correspond to character
displaying discharge cells 18 forming picture elements.
The size of the holes is selected so as to satisfy one of the
expression (1) or (1), depending on the configuration
thereof. The barriers for preventing erroneous dis-
charge are provided between adjacent anode electrodes
2. However, erroneous discharge will not occur be-
tween adjacent cathode electrodes because the cathode
electrodes are at different DC potentials, and therefore
no barriers need be provided for the cathode electrodes.

In the figure, reference numeral 20 designates a reset-
ting auxiliary cathode electrode which is arranged be-
tween adjacent character anode electrodes 2. The cath-
ode electrode 20 is bent through 90 degrees near the
resetting auxiliary discharge cell 21 to be orthogonal to
the anode electrodes 2, thus contributing to the transfer
of charged particles to the character displaying auxil-
lary discharge cell 22. An electric discharge is effected
in the resetting auxiliary discharge cell 21 by the appli-
cation of the DC voltage at all times. The charged
particles provided by this discharge are transferred to
the first of the juxtaposed character displaying auxiliary
discharge cells 22 and are then transferred successtvely
from the first to the last cells. Thus, the electric dis-
charge is shifted from the character displaying auxiliary
discharge cells to. the character displaying discharge
cells 18. As the discharge operation is repeatedly car-
ried out with a predetermined period, the charged parti-
cles are transferred from the resetting auxiliary dis-
charge cell 21 to the character displaying auxiliary
discharge cells 22.

As described above, the front plate 9 and the rear
plate 10 form the outer walls of the vacuum container
whose peripheral portions are sealed with frit glass. A
suitable gas such as He, Ne, Ar or Xe is sealed in the
vacuum container to form the gas discharge display
panel. It is preferable to coat the inner surface of the
front plate 9 with black paint in order to improve the
contrast of the discharge display thereby to make the
contents of the discharge display more clear.

An example of a method for driving the gas discharge
display panel according to the invention will be briefly

described. FIG. 11 is an explanatory diagram showing

an example of the arrangement of the character display-
ing discharge cells 18, the character displaying auxiliary
discharge cells 22, the resetting auxiliary discharge cells
21 and cursors 23. The anode electrodes 2 are arranged
horizontally in n lines and the cathode electrodes 6 are
arranged vertically in m lines in such a manner that the
anode electrodes 2 are orthogonal to the cathode elec-
trodes 6. The discharge cells are provided at the inter-
sections of the electrodes 2 and 6 thus arranged. 53X7
discharge cells form one display character or digit. The
zero-th cathode electrode 6 and the first, twelfth, . . .
anode electrodes 2 form the resetting auxiliary dis-
charge cells 21 where the discharge is effected with the
DC voltage at all times. The charged particles provided
by the resetting auxiliary discharge are transferred suc-
cessively to the character displaying auxiliary discharge



4,472,659

il
cells 22 which are formed by the first through m-th
cathode electrodes 6 and the second, tenth, . . . anode

electrodes 2, and to the character displaying discharge
cells 18. A positive voltage is applied to the second,
tenth, . . . anodes 2 while a negative pulse is applied
successively to the first, second, third, . . . m-th cathode
electrodes 6 so that the auxiliary discharge cells 22 are
activated one after another. While a negative pulse 1s
applied to the cathode electrodes 6 successively, a posi-
tive voltage is applied to the third, fourth, . . . ninth,
eleventh . . . anode electrodes 2 by a character genera-
tor (not shown) in synchoronization with the applica-
tion of the negative pulse so that a desired character is
displayed.

“Self-scanning” can be achieved by commonly con-
necting the cathode electrodes of adjacent characters.
The fact that the grooves 14 in the rear plate 10 are
arranged in the scanning direction contributes to the
smooth operation of the self-scanning.

As is apparent from the above description, the gas
discharge display panel according to the invention is
simple in construction with the front and rear plates
functioning as outer wall. More specifically, 1t 1s unnec-
essary to provide spacers, the use of which lowers pro-
ductivity and increases the manufacturing cost. In other
words, in the manufacture of the gas discharge display
panel of the invention, the cost required for cutting
holes in the spacers is eliminated. Furthermore, the
display panel can be readily assembled because the con-
struction thereof is simple as described above. Thus, the
display panel of the invention can be manufactured at
low cost.

In addition, because of the simple construction of the
display panel, the components can be easily handled 1n
assembly. The display panel of the invention is suitable
especially as a large screen display panel as it has a high
resolution.

Moreover, the recesses formed to the predetermined
depth in the portions of the inner surface of the front
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plate which correspond to the intersections of the cath-

ode electrodes and the anode electrodes allow the nega-
tive glow to spread, thereby to effect the display at high
brightness. The discharge display can be made in a
desired color by coating the bottoms of the recesses
with a fluorescent material emitting a desired color of
light.

What is claimed is:

1. A gas discharge display panel comprising: a front
plate; a rear plate; cathode electrodes arranged on said
front plate, said cathode electrodes having openings
forming discharge cells; and anode electrodes arranged
on said rear plate opposite to said cathode electrodes
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alignment with said openings of said cathode elec-
trodes; in which
the distance S between each cathode electrode and
said front plate in a discharge space for forming a
negative glow is defined by 25A.=S=70A,, where
Acis the means free path of electrons in a gas sealed
in said display panel, the length D; of one side of
each discharge cell and the length D7 of one side of
each opening satisfying:

2. A gas discharge display panel comprising: a front
plate; a rear plate; cathode electrodes arranged on said
front plate, said cathode electrodes having openings
forming discharge cells; and anode electrodes arranged
on said rear plate orthogonal to said cathode electrodes
in alignment with said openings in said cathode elec-
trodes; in which

the distance S between each cathode electrode and

said front front panel is a discharge space for form-
ing a negative glow between each cathode clec-
trode and said front panel is defined by 25
Ae=S=T0\,, where A, is the mean free path of
electrons in a gas sealed in said display panel, and
wherein the diameter Dy of said discharge cell and
the diameter Dy’ of said opening satisfy:

Dy > Dy and 25A.= Dy =500\,

3. The gas discharge display panel as claimed 1n claim
1 in which each of said openings in said cathode elec-
trodes is substantially in the form of a rectangle the four
sides of which are curved inwardly.

4. A gas discharge display panel as claimed in claim 1
in which each of said openings in said cathode elec-
trodes is substantially in the form of a rectangle having
four sides curved inwardly, the four corners of which
are substantially trapezoidally shaped.

5. The gas discharge display panel as claimed in claim
1 in which each of said openings in said cathode elec-
trodes is substantially rhombically shaped.

6. The gas discharge display panel as claimed in claim
1 in which each of said openings in said cathode elec-
trodes is substantially rectangularly shaped, the four
corners of which are arcuate.

7. The gas discharge display panel as claimed in claim
1 in which one side of each opening of said cathode
electrodes on the front plate side is different in length
from the corresponding side on the rear plate side.

8. The gas discharge panel of claim 1 wherein each of
said openings in said cathode electrodes is in the form of
a rectangle.

9. The gas discharge panel of claim 2 wherein each of
said openings in said cathode electrodes is in the form of

a circle.
% * 4 ® *
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